Introduction
Virgibacillus massiliensis strain T (= CSUR P971 = DSM 28587) is the type strain of V. massiliensis sp. nov. This bacterium is a Gram-positive, strictly aerobic rod, motile by a polar flagellum, isolated from the stool specimen of a healthy
Amazonian boy as part of the culturomics study aiming at cultivating halophilic bacteria from the human feces using a high-salt-concentration medium [1] . The usual parameters used to delineate a bacterial species include 16S rRNA sequence identity and phylogeny [2, 3] , genomic G + C content diversity and DNA-DNA hybridization [4, 5] . Nevertheless, these methods have limitations, notably because these similarity values vary greatly between species and genera [6] . In addition, chemotaxonomic analyses such as fatty acid profile, cell wall diagnostic diamino acid and sporangium morphology are only performed by a few laboratories, are only partially reproducible and thus are of no practical value to identify clinical isolates. Therefore, we deliberately decided not to use these methods but rather include parameters that could be compared among laboratories, including widely used phenotypic criteria, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) spectrum and genome sequence.
The introduction of high-throughput sequencing techniques has allowed researchers to make genomic data available for many bacterial species [6] [7] [8] [9] [10] . We recently proposed a new method (taxonogenomics) consisting in a polyphasic approach to describe new bacterial species [5] . This strategy combines phenotypic characteristics including MALDI-TOF spectrum and genomic analysis [6] [7] [8] [9] [10] . Here we present a summary classification and a set of features for the Virgibacillus massiliensis sp.
nov., strain T (= CSUR P971 = DSM 28587), including the description of its complete genome sequence and annotation. These characteristics support the circumscription of the species Virgibacillus massiliensis. Virgibacillus massiliensis is the first representative from the Virgibacillus genus to be isolated from the human intestinal microbiota. The genus Virgibacillus was first described by Heyndrickx et al. in 1998 and currently consists of mainly Gram-positive, motile, spore-forming, rod-shaped bacteria that are moderately halophilic [11] . Members of the genus Virgibacillus are found in various environments including sediment of a saline lake [12] [13] [14] [15] , traditional salt-fermented seafood [16] , a permafrost core collected from the Canadian high Arctic [17] , a marine solar saltern [18] [19] [20] [21] , biofilm formation on mural paintings [22] , seawater [23, 24] , field soil, a dairy product sample [25] , a saline mud sample [26] , residual wash water produced during the processing of Spanish-style green table olive sewage [27] , salt crust [28] and fermented fish [29] .
Organism Information
Classification and features Stool specimens were collected from a 10-year-old Amazonian boy, formed into aliquots and stored at −80°C until use. The child and his parents provided informed consent. The study and the assent procedure were approved by the ethics committees of the Institut Fédératif de Recherche 48, Faculty of Medicine, Marseille, France, under agreement 09-022. The salt concentration of the stool specimen was determined using a digital refractometer (Fisher Scientific, Illkirch, France) and the pH with a pH meter ( Table 1) .
Strain Vm-5 T ( closest bacterial species with standing in nomenclature (Fig. 1 ). Colonies were obtained on our homemade culture medium after 24 hours of incubation in aerobic conditions at 37°C. The colonies of strain Vm-5 T were circular, greyish, shiny and smooth, with a diameter of 2 to 5 mm. Cells stained Gram positive (Fig. 2 ). They were motile by polar flagella, were terminal spore forming and most commonly occurred as single cells or in pairs. Colonies were not haemolytic on bloodenriched agar. Strain Vm-5 T was mesophilic and grew at temperatures ranging from 15 to 45°C, at an optimum temperature of 37°C. The isolate required NaCl for growth and grew at salinity ranging from 5 to 200 g/L of NaCl (optimum at 50 g/L). The optimal pH for growth was 7.5 (pH range 5 to 9). The growth of strain Vm-5 T was tested under aerobic atmosphere, in the presence of 5% CO 2 and in anaerobic and microaerophilic atmospheres created using GENbag anaer and GENbag microaer (bioMérieux, Marcy l'Etoile, France), respectively. The strain was strictly aerobic and grew in the presence of 5% CO 2 but did not grow in microaerophilic or anaerobic atmosphere. The size (2 to 6 μm in length and 0.5 μm in diameter) and ultrastructure of cells were determined by negative staining transmission electron microscopy ( Fig. 3) . The commercially available Api ZYM, Api 20NE (bioMérieux), was used to characterize the biochemical properties of the strain according to the manufacturer's instructions. The strain was incubated at 37°C for 24 hours. Api 50 CH strips were inoculated with a bacterial suspension in Api 50CHB/E medium supplemented by 10% NaCl (w/v) and incubated at 37°C for 48 hours. [42] . If the evidence is IDA, then the property was directly observed for a live isolate by one of the authors or an expert mentioned in the acknowledgements.
V. subterraneus strain H57B72 T (FJ746573)
V. salinus strain XH22 T (FM205010)
V. litoralis JSM089168 T (FJ425909)
V. siamensis strain MS3-4 T (AB365482)
V. arcticus strain Hal1 T (EF675742)
V. carmonensis strain LMG20964 T (AJ316302)
V. necropolis strain LMG19488 T (AJ315056)
V. byunsanensis strain ISL-24 T (FJ357159)
V. oceani strain MY11 T (KJ144820)
V. halotolerans strain WS4627 T (HE577174)
V. salicampi strain SF-20 T (AY057394)
V. campisalis strain IDS-20 T (GU586225)
V. alimentarius strain J18 T (GU202420)
V. halodenitrificans strain DSM10037 T (AY543169)
V. sediminis strain YIMkkny3 T (AY121430)
V. kekensis strain YIMkkny 16 T (AY121439)
V. dokdonensis strain DSW-10 T (AY822043)
V. chiguensis strain Halo30-9 T (EF101168)
V. massiliensis strain Vm-5 T (HG931931)
V. olivae strain E308 T (DQ139839)
V. marismortui strain 123 T (AJ009793)
B. subtilis strain DSM10 T (AJ276351)
Oceanobacillus picturae strain LMG19492 T (AJ315060)
Oceanobacillus iheyensis strain HTE831 T (AB010863)
V. bavariensis strain WSBC24001 T (Y13066)
V. halophilus strain 5B73C T (AB243851)
V. soli strain CC-YMP-6 T (EU213011)

Aquibacillus albus strain YIM93624 T (JQ680032)
Aquibacillus koreensis strain BH30097 T (AY616012)
V. senegalensis strain SK-1 T (LK0211111)
Halobacillus halophilus strain NBRC102448 T (AB681790)
Gracilibacillus halotolerans strain NN T (AF036922) Antimicrobial susceptibility testing demonstrated that strain Vm-5 T was susceptible to penicillin, ampicillin, amoxicillin, ceftriaxone, imipenem, doxycycline, rifampicin, vancomycin, nitrofurantoin, erythromycin, ciprofloxacin and gentamicin but was resistant to trimethoprim/sulfamethoxazole and metronidazole.
MALDI-TOF analysis MALDI-TOF protein analysis was used to analyse strain Vm-5 T .
Briefly, a pipette tip was used to pick one isolated bacterial colony from a culture agar plate and spread it as a thin film on a MALDI-TOF target plate (Bruker Daltonics, Leipzig, Germany). Twelve distinct deposits were done for strain Vm-5 T from 12 isolated colonies. After air drying, 2 μL of matrix solution (saturated solution of α-cyanohydroxycinnaminic acid in 50% aqueous acetonitrile containing 2.5% trifluoroacetic acid) was applied to each spot. MALDI-TOF was conducted using the Microflex LT spectrometer (Bruker T . The identification method included m/z from 3000 to 15 000 Da. For every spectrum, a maximum of 100 peaks were compared with spectra in database. The resulting score enabled the identification (or not) of tested species: a score of 2 with a validly published species enabled identification at the species level. No significant MALDI-TOF score was obtained (< 0.9) for strain T against the Bruker database, suggesting that our isolate was not a member of a known species. We added the spectrum from strain Vm-5 T to our database (Fig. 4) . Finally, the gel view showed the spectral differences with other members of the genus Virgibacillus (Figs. 4 and 5 ).
Genome Sequencing Information
Genome project history The V. massiliensis genome was sequenced as part of a culturomics study aiming at isolating all bacterial species colonizing the human gut [1] and because of its potential classification as a new species within the Virgibacillus genus. The genome from V. massiliensis strain Vm-5 T is the fourth genome of a Virgibacillus species and the first genome of V. massiliensis sp. nov. This genome consists of seven contigs and was deposited in GenBank under accession numbers CCDP010000001 to CCDP010000007CCDP010000001CCDP010000002CCDP01 0000003CCDP010000004CCDP010000005CCDP010000006 CCDP010000007. Table 3 shows the project information.
Growth conditions and genomic DNA preparation Virgibacillus massiliensis sp. nov., strain Vm-5 T (CSUR P971 = DSM 28587), was grown on a homemade culture medium at 37°C in aerobic atmosphere. Bacteria grown on ten petri dishes were collected and resuspended in 4 × 100 μL of Tris-EDTA (TE) buffer. Then 200 μL of this suspension was diluted in 1 mL TE buffer for lysis treatment that included a 30-minute incubation with 2.5 μg/μL lysozyme at 37°C, followed by an overnight incubation with 20 μg/μL proteinase K at 37°C. Extracted DNA was then purified using 3 successive phenolchloroform extractions and ethanol precipitations at −20°C overnight. After centrifugation, the DNA was resuspended in 160 μL TE buffer. The yield and concentration was measured by the Quant-it Picogreen kit (Invitrogen, Waltham, MA, USA) on a Genios-Tecan fluorometer at 40.5 ng/μL.
Genome sequencing and assembly
Genomic DNA (gDNA) of V. massiliensis Vm-5 T was sequenced on the MiSeq sequencer (Illumina, San Diego, CA, USA) using the mate pair strategy. The gDNA was bar coded in order for it to be mixed with 11 other projects with the Nextera Mate Pair sample prep kit (Illumina). The mate pair library was prepared with 1 μg of genomic DNA using the Nextera mate pair Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a mate pair junction adapter. The profile of the fragmentation was validated on an Agilent 2100
BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA) with a DNA 7500 lab chip. The DNA fragments ranged in size from 1 to 10 kb. No size selection was performed, and only 14 ng of tagmented fragments were circularized. The circularized DNA was mechanically sheared to small fragments with an optimal at 696 bp on the Covaris device S2 in microtubes (Covaris, Woburn, MA, USA). The library profile was visualized on a High Sensitivity Bioanalyzer LabChip (Agilent Technologies). The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 10 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and sequencing run were performed in a single 42-hour run in a 2 × 251 bp. Total information of 4.7 Gb was obtained from a 488K/mm 2 cluster density, with a cluster passing quality control filters of 97.2% (9 590 000 clusters). Within this run, the index representation for V. massiliensis strain Vm-5 T was determined to be 11.16%. Illumina reads where trimmed using Trimmomatic [43] , then assembled through Spades software [44, 45] . Contigs obtained were combined together by SSpace [46] and Opera software [47] helped by GapFiller [48] to reduce the set. Some manual refinements using CLC Genomics v7 software (CLC bio, Aarhus, Denmark) and homemade tools in Python improved the genome. Finally, the draft genome of V. massiliensis strain Vm-5 T consists of seven contigs.
Genome annotation
Noncoding genes and miscellaneous features were predicted using RNAmmer [49] , ARAGORN [50] , Rfam [51] , PFAM [52] and Infernal [53] . Coding DNA sequences (CDSs) were predicted using Prodigal [54] , and functional annotation was achieved using BLAST+ [55] and HMMER3 [56] against the UniProtKB database [57] .
Genome properties
The genome of V. massiliensis strain Vm-5 T contains 4 353 177 bp with a G + C content of 36.87% (Fig. 6 , Table 4 ). One hundred twenty-five RNAs were detected, including five rRNAs (one 16S rRNA, one 23S rRNA, three 5S rRNA), 42 tRNAs and 78 miscellaneous RNAs. Overall, 4394 genes were identified, representing a coding capacity of 3 754 518 bp (coding percentage, 86.25%). Among these genes, 322 (7.33%) were identified as putative proteins and 1107 (25.19%) were annotated as hypothetical proteins. Moreover, 4291 genes matched a least one sequence in the Clusters of Orthologous Groups (COGs) database [58, 59] with BLASTP default parameters. The properties and the statistics of the genome are summarized in Table 4 . The distribution of genes into COGs functional categories is presented in Table 5 .
Insights into the genome sequence
We compared the genome of V. massiliensis strain Vm-5 T to that of V. halodenitrificans strain 1806 (ALEF01000001), which is currently the closest available sequenced genome based on 16S rRNA comparison (Table 6 ). Total is based on either size of the genome (bp) or total number of protein-coding genes in annotated genome.
The draft genome sequence of V. halodenitrificans strain 1806 had a smaller size compared to V. massiliensis strain Vm-5 T (3.9
Mb vs. 4.3 Mb, respectively), a smaller total number of genes (3886 and 4394 genes, respectively), and a lower ratio of genes per Mb (996.4 genes/Mb vs. 1010, respectively), but a higher G + C content (37.41% and 36.87, respectively).
Genome Comparison
At the time of analysis, only four whole genome sequences of Virgibacillus were available at the National Center for Biotechnology Information. Therefore, whole genome comparison was done between V. massiliensis, V. alimentarius (GenBank accession number NZ_JFBD00000000), V. halodenitrificans (NZ_ALEF01 000000) and V. senegalensis (NZ_CCXU01000000) ( Table 7) . Among Virgibacillus genomes, that of V. massiliensis (4.35 Mb) is the largest, followed by V. halodenitrificans (3.92 Mb), V. senegalensis (3.92) and V. alimentarius (3.05 Mb).
To estimate the mean level of nucleotide sequence similarity at the genome level between V. massiliensis and the other four Virgibacillus genomes, we calculated the average genomic identity of orthologous gene sequences (AGIOS) values using an in-lab pipeline named Marseille Average Genomic Identity (MAGi). Briefly, this pipeline combines Proteinortho 4 software (with the following parameters: e-value 1e− 05 , 30% of identity, 50% coverage and algebraic connectivity of 50%) for detecting orthologous proteins between genomes compared pairwise, then retrieves the corresponding gene nucleotide sequences and determines the mean percentage of nucleotide sequence identity among orthologous open reading frames using the Needleman-Wunsch global alignment algorithm [5] . Similarity values at the genome level were also calculated using genome-to-genome distance (GGDC) calculator software [60] . The number of orthologous genes is indicated in Table 7 . The AGIOS and GGDC values obtained using the MAGi 
